SUMMARY
The effects of ventilation with 30% and 100% oxygen were investigated on the circulatory and electrocardiographic response to electroconvulsive therapy (ECT) evidence of adverse effects from 100% oxygen breathing during ECT (increase in seizure length and myocardial ischaemia) have been reported [4, 5] . This study was designed to determine if a lower level of oxygen supplementation may be used safely for ECT.
PATIENTS AND METHODS

Patients
The study was approved by the Human Subjects Review Committee of the Ohio State University. Twelve consenting adult patients were studied during ECT for the treatment of a depressive or schizophrenic disorder. The presence or absence of cardiovascular disease was assessed for all patients by reviewing the patient records, the resting standard 12-lead ECG and a recent (less than 3 months) chest radiograph, by clinical history and examination.
Instrumentation
A standard rebreathing anaesthesia system with a soda-lime carbon dioxide absorber was used to oxygenate and ventilate the patient's lungs during the procedure. A high flow air-oxygen blender was used to adjust the inspired oxygen concentration. During apnoea the lungs were ventilated manually using the reservoir bag of the system. A fresh gas flow of 10 litre min" 1 was introduced into the system to eliminate the need for oxygen flushing in case of pressure loss. A capnograph (SaraCap, Allegheny International Medical Technology, St Louis, Mo, U.S.A.) sampling tube was attached to a T-piece which was placed between the breathing system and the mask for continuous measurement and recording of inspired oxygen concentration (Fi o J and end-tidal carbon dioxide concentration.
The patients were not routinely premedicated. On arrival in the ECT suite, an i.v. infusion of normal saline was commenced and three electrodes were placed for monitoring the modified V 5 lead of the ECG. The scalp electrodes connected to the electroencephalogram (EEG) module of the ECT pulse generator (Mecta SR-1, Mecta Inc., Portland, Oregon, U.S.A.) were used to record EEG on a strip chart recorder. A pulse oximeter finger probe (Nellcor Inc., Hayward, Ca, U.S.A.) was used for monitoring arterial blood oxyhaemoglobin saturation. The electrocardiogram and the arterial blood oxyhaemoglobin saturation were recorded on tape for later analysis.
Procedure
Control values of arterial pressure, heart rate and arterial blood oxyhaemoglobin saturation were recorded while the patient breathed room air spontaneously. Thereafter, gas flow in the breathing system was started and the anaesthesia mask placed occlusively over the patient's nose and mouth. Anaesthesia was induced with methohexitone i.v. and neuromuscular blockade produced with suxamethonium i.v. Manual ventilation was commenced when apnoea occurred. The ECT impulse followed 1 min after the injection of suxamethonium. The ECT pulse generator was adjusted to deliver a current sufficient to induce a clinically visible seizure that was associated with a characteristic EEG pattern lasting a minimum of 30 s and a maximum of 80 s.
Manual ventilation of the lungs was continued throughout the seizure and recovery, until the patient resumed spontaneous breathing. Arterial pressure was measured during the seizure when heart rate was at its peak. When adequate spontaneous breathing had been restored, arterial pressure was measured again.
Oxygen 100% was given to every patient during the initial ECT sessions. These sessions were used to determine the need for premedication, the electrical ECT parameters, and exact dose of anaesthetic and myoneural blocker most likely to produce an optimum ECT response. When a stable regimen had been reached, these variables were unchanged during subsequent treatments. Data collected during the subsequent four sessions were used for analysis.
Each patient was assigned in a random sequence to receive two ECT sessions using 100% oxygen and two using 30% oxygen. If premedication, anaesthesia or the ECT parameter was changed during data collection, the sequence was restarted, and previously collected data discarded. If more than one ECT impulse was required to induce a seizure, or if technical problems interfered with data collection, data from that session were discarded.
Arrhythmias and changes in 5a O2 were analysed retrospectively from signals recorded on tape. The duration of the convulsion was measured from the EEG chart recording. Energy and resistance of the ECT impulse were recorded automatically by the ECT device.
Statistical analysis
The effect of oxygen supplementation on the measured variables was analysed using a one-way repeated measures analysis of variance. Mean values of each variable were calculated for a given Fi On . Pairwise comparisons of frequency data were made using the McNemar test.
All data are presented as mean (SD).
RESULTS
Two of the 12 patients had essential hypertension and one had undergone coronary artery bypass grafting for atherosclerotic coronary artery (table I) . Seven patients received ECT without premedication. Two of the remaining five patients were given atenolol by mouth and one was given nitroglycerine transdermally before each session to prevent hypertension. Two patients were given glycopyrrolate to reduce airway secretions. All four ECT sessions were completed in eight patients. In four patients, measurements could be obtained only once during both oxygen concentrations, before ECT treatments were discontinued. The analysis therefore consists of 40 treatment sessions.
Anaesthesia required a mean dose of methohexitone 1.0 (SD 0.1) mg kg" 1 and neuromuscular blockade was achieved with suxamethonium 0.6 (0.1) mgkg"
1 . ECT was delivered using an average current of 683 (75) mA, a frequency of 68 (13) Hz, and an impulse duration of 1.2 (0.4) s. The delivered energy and resistance were similar during both oxygen concentrations (table II) .
Arterial pressure, measured when the patient breathed room air spontaneously, was slightly higher before administration of 30% oxygen. Initial values of heart rate and 5a Oj were similar (table III) . Oxygen supplementation had a signi- ficant effect on the duration of the seizure. Use of 30% oxygen shortened the seizure by 25% compared with 100% oxygen (P < 0.0125). The responses of arterial pressure and heart rate to ECT were not significantly different between the two concentrations of oxygen supplementation (table III) . Arrhythmias after the ECT impulse were observed in eight of the 12 patients and during 18 of the 40 treatments. The arrhythmias occurred both during the seizure and in the postconvulsive period in eight sessions; they were confined to the convulsive period in four and to the postconvulsive period in six sessions. Frequency of these arrhythmias was not affected by the value of Fi o (table IV). (2) 97 (4) 97 (5) Hypoxaemia during or immediately after the seizure, denned as an Sa Oj less than 90%, occurred during seven of the 40 sessions (table  IV) . It was caused invariably by apnoea following loss of airway control. Five episodes of hypoxaemia occurred during ventilation with 30 % oxygen and two during the use of 100% oxygen. The average duration of hypoxaemia was 32 (15) s during 30% oxygen and 15 (12) s during 100% oxygen (ns). Seizure duration during the treatments associated with hypoxaemia (60 (13) s) was not significantly different from that recorded during sessions with adequate Sa Oj (68 (30) s). Arrhythmias occurred during three of the seven sessions associated with hypoxaemia. Therefore, the incidence of arrhythmias did not appear to be influenced by 5a O2 . The average end-tidal carbon dioxide tensions were similar during administration of 30% and 100% oxygen.
DISCUSSION
This prospective clinical investigation was designed to compare the effects of 100% and 30% oxygen breathing on arterial oxygenation, ECG and seizure duration during ECT. The results show that appropriate airway control is essential in maintaining arterial oxygenation, regardless of oxygen supplementation. Use of 100% oxygen prolonged the seizure, but did not affect the ECG.
Holmberg [4] investigated patients who received ECT without neuromuscular blockade and artificial ventilation and found that development of hypoxaemia during the seizure cannot be prevented by preoxygenation with 100 % oxygen. Lew and co-workers [6] found that hypoxaemia occurred frequently during ECT despite oxygen supplementation if ventilation was discontinued for the duration of the seizure. The present study further emphasizes the importance of ventilation during ECT. Although 100 % oxygen appeared to offer slight protection against a low «Sa 0]! , arterial hypoxaemia occurred even during 100% oxygen breathing if control of airway and ventilation was lost and the patient became apnoeic during or immediately after the seizure.
Rapid development of hypoxaemia, despite a high Fi O2 , implies that right-to-left intrapulmonary shunting of blood may be an important factor in the deterioration of gas exchange during convulsion. This effect would be enhanced by preoxygenation with pure oxygen, which renders poorly ventilated alveoli unstable. Holmberg's study supports this contention. A 4-min period of preoxygenation with 100% oxygen was associated with more frequent and more severe hypoxaemia than a 1-min period of preoxygenation [4] .
In the present study, the duration of the seizure induced by ECT was affected significantly by the inspired oxygen concentration. Breathing 100% oxygen was associated with an increase in the duration of EEG seizure activity by an average of 18 s (33%). Holmberg [4] and Deliyannis, Eliakim and Bellet [5] have made similar observa-tions with regard to preoxygenation with 100% oxygen. The mechanism underlying this phenomenon is not understood completely. A recent experimental study suggested a synergistic effect of arterial blood oxygen and carbon dioxide tensions on seizure duration during ECT [7] . Convulsions that occur during hyperbaric oxygen therapy have been related to a decrease in brain gamma-aminobutyric acid (GABA) concentration [8] . Since GABA is an inhibitory synaptic transmitter, a decrease in GABA concentration could produce uncontrolled electrical neural activity. In experimental studies, enhanced synaptic transmitter release has been observed even during exposure to 100 % oxygen at ambient pressure [9] . During ECT, an attempt is made to induce a seizure of a specific length. Therefore, with regard to the therapeutic effect of ECT, the effect of oxygen supplementation on seizure duration needs to be recognized and the Fi o . 2 maintained unchanged from one treatment session to another. Adjustment of the electrical impulse then would probably produce the desired effect in a more predictable fashion.
Theoretically, oxygen supplementation may modify the cardiovascular effects of ECT. The vasoconstriction produced by pure oxygen breathing may augment the hypertension during the convulsion, thereby increasing left ventricular work and oxygen consumption. Prolongation of the seizure during breathing with a high Fi Oi also • could produce an added stress on the myocardium [5] . Furthermore, hypoxaemia and respiratory acidosis may predispose to arrhythmias that are seen frequently during an ECT-induced seizure [10] [11] [12] .
In this study, the magnitude of cardiovascular stress, as estimated by changes in arterial pressure and heart rate, was not affected by Fi O2 . Similarly, the incidence and severity of arrhythmias were similar during ventilation with 30% and 100% oxygen. The overall frequency of arrhythmias was comparable to that reported previously in similar patients [5] . The fact that arrhythmias did not occur with an increased frequency during the treatments associated with a low arterial blood oxyhaemogloblin saturation, does not support the claim that hypoxaemia is a major cause of arrhythmias during ECT.
Our data suggest that ECT should be administered with a constant known .Flo., t0 minimize variation in seizure duration. Adverse cardiovascular effects of 100% oxygen breathing could not be detected in this study. Therefore, the current practice of using 100% oxygen appears to be safe. However, airway control and adequate ventilation are essential for the maintenance of arterial oxygenation, irrespective of the Fi Oo .
